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(E. Evguenieva-Hackenberg).Sinorhizobium meliloti harbours genes encoding orthologs of ribonuclease (RNase) E and RNase J,
the principle endoribonucleases in Escherichia coli and Bacillus subtilis, respectively. To analyse
the role of RNase J in S. meliloti, RNA from a mutant with miniTn5-insertion in the RNase J-encoding
gene was compared to the wild-type and a difference in the length of the 5.8S-like ribosomal RNA
(rRNA) was observed. Complementation of the mutant, Northern blotting and primer extension
revealed that RNase J is necessary for the 50-end maturation of 16S rRNA and of the two 23S rRNA
fragments, but not of 5S rRNA.
 2009 Federation of European Biochemical Societies. Published by Elsevier B.V. All rights reserved.1. Introduction
Endoribonucleases are important for maturation and degrada-
tion of RNA. In Escherichia coli, ribonuclease (RNase) E plays a cen-
tral role in the maturation of 16S ribosomal RNA (rRNA), 5S rRNA,
tRNA, RNase P RNA as well as in mRNA decay [1–3]. In bacteria
lacking RNase E, such as Bacillus subtilis, the RNA processing and
degradation mechanisms remained unclear for a long time. Re-
cently, it was shown that B. subtilis harbours two homologs of a no-
vel type of endoribonuclease, RNase J1 and RNase J2 [4], which are
important for mRNA turnover and 50-end maturation of 16S rRNA
[5–7]. The endonucleolytic properties of RNase J and RNase E are
similar, although they are not orthologs [4]. Surprisingly, it turned
out that RNase J has a 50–30 exoribonuclease activity [6]. In con-
trast, E. coli harbours only 30–50 exoribonucleases [8]. Thus, E. coli
and B. subtilis have different RNA processing mechanisms. How-
ever, many bacteria including Sinorhizobium meliloti harbour genes
encoding RNase E and RNase J. To analyse the role of RNase J in S.
meliloti, we used a strain with a miniTn5-insertion in the corre-chemical Societies. Published by E
ene; RNase, ribonuclease; nt,
erg@mikro.bio.uni-giessen.desponding gene [9] and found out that it is involved in rRNA
maturation.
In bacteria rRNA is transcribed in polycistronic form and is pro-
cessed by RNases. The primary transcript is cleaved by RNase III,
and the released 16S rRNA and 23S rRNA precursors undergo fur-
ther maturation [1]. In many Alphaproteobacteria 23S rRNA is
not continuous, but is fragmented near the 50-end resulting in a
5.8S rRNA-like molecule and a large 2.6 kb rRNA; in some strains
the 2.6 kb rRNA is additionally fragmented [10–12]. Usually frag-
mentation occurs at sites with intervening sequences, and is
dependent upon RNase III [11–13]. The resulting precursor rRNA
fragments then undergo further maturation by as yet uncharacter-
ized enzymes. The present work suggests that RNase J is responsi-
ble for the ﬁnal maturation of the 50-termini of the two 23S rRNA
fragments and of 16S rRNA in S. meliloti (Fig. 1).2. Materials and methods
2.1. Bacterial strains
The wild-type S. meliloti Rm2011 [14], the mutant 3.10.CO3
carrying miniTn5-insertion in SMc01929 [9], and the comple-
mented mutant with pRK415::SMc01929 were grown in TY
[15,16] at 32 C with appropriate antibiotics (streptomycin,
250 lg ll1, neomycin 120 lg ll1 and tetracycline 20 lg ll1).lsevier B.V. All rights reserved.
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Fig. 1. Scheme of an rRNA operon in S. meliloti with proposed and veriﬁed ribonuclease cleavage sites. The rRNAs are indicated by bars, tRNAs in the intergenic sequence
between 16S rRNA and 23S rRNA as well as downstream of 5S rRNA [19] are indicated by clover leafs. Sequences which are removed during processing of the primary
transcript (intergenic sequences, IGS; intervening sequence, IVS; sequences at the 50- and 30-ends) are indicated by solid lines. RNase III is proposed to cleave out the pre-16S
rRNA and the pre-23S rRNA, and, in addition, the IVS in helix 9 of 23S rRNA (indicated by arrows marked with III?) [12,13]. RNase E is proposed to cleave downstream of the
RNase III cleavage sites at the 50-ends of the precursor rRNAs (indicated by arrows marked with E?) [23]. RNase J is shown to be responsible for the ﬁnal maturation of the 50-
ends of 16S rRNA and of the two 23S rRNA fragments (this work). Processed sequences and structural RNAs are not drawn to scale.
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Fig. 2. A precursor of the 5.8S rRNA accumulates in the RNase J mutant. (A)
Detection of 5S rRNA, 5.8S-like rRNA and 4.5S RNA in total RNA from S. meliloti
wild-type. Panels 1 and 2, EtBr-stained RNA; panels 3–7, Northern blot hybridiza-
tion; the loaded amount and the probes used, respectively, are given above the
panels. Prominent EtBr-stained bands are marked on the left side; molecules
detected by hybridization are marked on the right side. (B) RNase J-dependent
maturation of 5.8S-like rRNA. 1, Wild-type; 2, mutant; 3, complemented mutant.
The detected molecules are marked on the left side. The detection method is given
at the right side.
2340 R. Madhugiri, E. Evguenieva-Hackenberg / FEBS Letters 583 (2009) 2339–2342pRK415::SMc01929 was transferred from E. coli S17-1 [17] into S.
meliloti 3.10.CO3 by diparental conjugation.
2.2. DNA manipulations
Manipulation of DNA was performed by standard methods [18].
Restriction enzymes and primers based on the S. meliloti genome
[19] were from Fermentas and Euroﬁns MWGOperon, respectively.
For PCR, the BIO-X-ACTTM DNA polymerase (Bioline) and total DNA
were used; the ampliﬁcates were cloned into pDrive (Qiagen). A
3.6 kb ribosomal RNA operon (rrn) region was ampliﬁed with
Smel-81721f 50-CTCGTCGATTC-AAAGTCAAC-30 and Smel-85308r
50-GTTTTCGCGGAG-AACCAGC-30. Sequencing was performed with
alpha-[32P]-dCTP and the T7 Sequencing Kit (USB). The solutions
for 8% sequencing polyacrylamide gels were from AppliChem.
RNase J of S. meliloti was identiﬁed by blastp (NCBI) using the B.
subtilis RNase J2 as a query. The gene was ampliﬁed with Rnj-XbaI-
se 50-TCTAGAATGAAAAAAGCAAA-GGCGCATCAC-30 and RnjStrep-
Kpn-as 50-GGTACCTCACTTCTCGAACTGCGGG-TGCGACCAGGAGGC
GACCTTCGTGATAAAAACCGTCAC-30. The PCR product was re-
cloned from pDrive into pRK415 [15] using XbaI and KpnI.
2.3. RNA methods
S. meliloti cells (OD600 0.5) were centrifuged at 6000g for
10 min at 4 C, frozen in liquid nitrogen, disrupted with glass beads
(Sigma) and Ribolyser (Hybaid), and total RNA was isolated using
TRIzol (Invitrogen). RNA (3 lg) was separated on 10 % polyacryl-
amide–urea gels and stained by EtBr or transferred onto a nylon
membrane (Pall) for 4 h at 200 mA using a semidry blotter
(Peqlab). For detection of 5.8S-like rRNA, 5S rRNA and the signal
recognition particle RNA (4.5S RNA) by Northern blotting, following
50-labelled primers were used: UP130 [10], 50-GTTCGGAATGG-
GAACGG-GTGCAG-30 and 50-GGCTGCTTCCTTCCGGACCTGAC-30.
The 4.5S RNA gene was identiﬁed by blastn (NCBI) using the corre-
sponding E. coli gene as a query.
Primer extension was performed at 55 C with 2 lg total RNA,
20–30 units SuperscriptIII (Invitrogen) and the following 50-la-
belled primers: Smel-16SrRNA-PE (50-GCACTT-GCATGTGTTA
AGCCTGCC-30), Smel-5.8SrRNA-PE (50-CATGGATCAAAGCTCAT-TC
GCACG-30), Smel-2.6 kb-rRNA-PE (50-CTTGCGGA-GTCTCGGT
TGATGTC-30) and Smel-5SrRNA-PE (50-CTGGCAGCGA-CCTACTC
TCCC-30). Signals were detected using a molecular imager and the
Quantity One software (BioRad). RNA secondary structures were
predicted with the program mfold [20].
3. Results
3.1. Two closely migrating small RNAs are 5S rRNA and 5.8S-like rRNA
When RNA patterns of the wild-type and the mutant were com-
pared after EtBr staining, a prominent difference was observed inthe region, in which 5S rRNA is expected (see below). In this region,
two closely migrating bands were detectable in the wild-type
probe (Fig. 2A). The identity of these bands was not clear: previ-
ously they were described as 5S rRNA and 5.8S-like rRNA in Alpha-
proteobacteria [11], but recently they were labelled as the 4.5S
RNA and 5S rRNA of S. meliloti 2011 [21]. To clarify their identity,
we performed Northern blotting. The results show that the faster
migrating band of the prominent doublet is the 5S rRNA and the
slower migrating band is the 5.8S-like rRNA. The 4.5S RNA cannot
be assigned to a strong band comparable to the rRNA bands in the
EtBr-stained gel (Fig. 2A).
3.2. RNase J is necessary for the maturation of 23S rRNA fragments
We observed that the 5.8S-like rRNA is larger in the mutant
than in the wild-type (Fig. 2B, lanes 1 and 2), suggesting that RNase
J is necessary for the maturation of this rRNA. The suggestion was
R. Madhugiri, E. Evguenieva-Hackenberg / FEBS Letters 583 (2009) 2339–2342 2341conﬁrmed by the successful complementation of the mutant (lane
3). We assumed that RNase J is involved in 50-end processing of
rRNA and decided to analyse the 50-ends of all rRNA species in S.
meliloti.
The primer extension of the 5.8S-like rRNA revealed that the re-
moval of 17 nucleotides (nts) upstream of the mature 50-end is
RNase J-dependent. In Fig. 3A, the mature 50-end in the wild-type
is marked with M, and the precursor end accumulating in the
RNase J-mutant is marked with P. The precursor is detectable in
the wild-type, too (lanes 1 and 2). In the complemented mutant,
maturation of the 5.8S-like rRNAwas completely restored – the de-
tected 50-ends are identical with those of the wild-type (lanes 1
and 3). The 50-end of 5.8S rRNA determined here is located six
nts downstream of the annotated 50-end of 23S rRNA and agrees
with the experimentally determined termini of the 5.8S-like rRNA
in R. palustris and B. japonicum [11].
The primer extension of the 2.6 kb fragment of 23S rRNA re-
vealed that RNase J is needed for the removal of 40 nts upstream
of the two positions representing the mature termini in the wild-
type (Fig. 3B; mature ends are marked with M). The positions of
the 2.6 kb rRNA 50-ends agree with the 50-ends detected in other
Alphaproteobacteria [11,12]. At the position representing the ma-
jor 50-end in the mutant (marked with P2), a precursor 50-end is
detectable in the wild-type, too (lanes 2 and 3). Two other precur-
sor 50-ends, which gave signals of similar intensity in the wild-type
and in the mutant, are detectable 9 and 10 nt upstream (marked
with P1). Further RNase J-dependent precursors ends (marked with
P3) were detected in the wild-type 5–6 nts upstream of the matureA   C   G   T    1   2    3
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Primer extension of the 5.8S rRNA. 1, Wild-type; 2, mutant; 3, complemented mutant. (B
type. Other descriptions are as in (A). (C) Primer extension of 16S rRNA. Descriptions are a
precursor in S. meliloti. The arrows mark the positions of 50-ends detected in (B). The pr50-ends. In the complemented mutant, 50-end maturation of the
2.6 kb rRNA fragment was restored (lanes 1 and 3).
3.3. RNase J is needed for the maturation of 16S rRNA but not of 5S
rRNA
The primer extension of 16S rRNA shows that the ﬁnal trim-
ming of the 50-end depends on RNase J (Fig. 3C). The experimen-
tally determined 50-end in the wild-type is in agreement with
the annotated 50-end. The major 50-end in the mutant is located
three nts upstream. Corresponding precursors are detectable in
the wild-type, too (lanes 1 and 2). The 50-ends detected in the com-
plemented mutant are identical with those in the wild-type (lanes
1 and 3). Thus, during 16S rRNA maturation, the last three nts at
the 50-end are removed by RNase J in S. meliloti. A minor signal
was detected at the position corresponding to very last nt (marked
with a thin arrow in the wild-type and complemented mutant). Fi-
nally, primer extension of 5S rRNA demonstrated that 50-end mat-
uration of this rRNA is not RNase J-dependent (not shown).
4. Discussion
Maturation of rRNA has been most intensely investigated in
E. coli and B. subtilis, but there are still open questions [1]. In
E. coli, following cleavage of the primary transcript by RNase III,
the orthologous endoribonucleases RNase E and RNase G generate
the 50-end of 16S rRNA by sequential cleavages [22]. RNase E is also
necessary for 50-end maturation of 5S rRNA. The ﬁnal 30-ends ofP1
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However, it is still not clear which enzymes generate the 50-ends of
23S and 5S rRNA, and the 30-end of 16S rRNA in E. coli [1]. In B. sub-
tilis, RNase J generates the 50-end of 16S rRNA [5,6], but other un-
known RNases are also involved in 16S rRNA processing. The
termini of 23S and 5S rRNA are generated by the RNases Mini-III
and M5, respectively [1].
Based on this knowledge, we assumed that RNase III cleaves the
primary rrn transcript in S. meliloti (Fig. 1). The 23S rRNA precursor
molecule is probably cleaved by RNase III, too, because the position
of the P1 precursor ends detected in Fig. 3B perfectly matches pre-
viously mapped RNase III cleavage sites in helix 9 of other Alpha-
proteobacteria [11–13] (Fig. 3D). Since our results show that
RNase J is necessary for generation of the 50-termini of 16S rRNA
and of the 23S rRNA fragments, we suggest that RNase J acts in a
processing pathway downstream of RNase III and of another endo-
ribonuclease, which creates the precursor ends that accumulate in
the RNase J-mutant. This enzyme is probably RNase E, because S.
meliloti harbours no RNase G, and RNase E was found to cleave
in vitro transcripts of R. leguminosarum and R. capsulatus at the po-
sition corresponding to the P2 precursor end found in vivo in
Alphaproteobacteria (Fig. 3B and D; [12,23]). It cannot be excluded,
however, that RNase J and RNase E, have overlapping functions and
cleave endonucleolytically at the same positions in S. meliloti, since
RNase J of B. subtilis and RNase E of E. coli have similar cleavage
speciﬁcity [4] The further 50-end maturation is RNase J-dependent,
and the precursors are probably directly processed by the enzyme.
Fig. 3D summarizes our model for generation of the 50-end of the
2.6 kb rRNA fragment. In Fig. 1, the proposed and veriﬁed ribonuc-
leolytic cleavages in the primary rrn transcript of S. meliloti are
summarized.
At present, it is not known whether RNase J of S. meliloti has
endo- and exoribonucleolytic activity. An increase in the minor sig-
nals one nt upstream of the mature 50-ends of 16S rRNA and of the
2.6 kb fragment (Fig. 3B and C) might indicate that the last nt is re-
moved more slowly during a 50-30 exonucleolytic trimming of the
termini. Alternatively, these signals might also represent minor
endonucleolytic cleavage products. Thus, the precise mechanism
for ﬁnal 50-end maturation of rRNA by RNase J in S. meliloti remains
to be determined.
Finally, it is important to notice that B. subtilis harbours two
RNase J homologs, one of which (RNase J1) is essential. S. meliloti
has only enzyme of the RNase J-type, and the protein shows higher
similarity to RNase J2 then to RNase J1 of B. subtilis. Our data and the
fact that two RNase J-mutants are present in themini-Tn5 library of
S. meliloti [9] show that RNase J is not essential in this organism. The
two mutants have identical defects in rRNAmaturation (results not
shown), and carry transposon insertions in the 37. (used here) and
60. codon of the gene, respectively [9]. The ﬁnding that rRNA is not
properly maturated in the RNase J-mutant of S. meliloti shows that
although the cellular role of RNase J in B. subtilis and of RNase E in
E. coli are similar, there is differentiation of function between the
two enzymes when they are present in the same cell.
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